Introduction
Spontaneous subarachnoid hemorrhage (SAH) is the most common cerebral vascular disease, and 75% of SAHs are caused by rupture of an intracranial aneurysm (1) (2) (3) (4) . In patients with poor-grade aneurysm, 20-45% of SAHs are associated with high morbidity and mortality, although a few studies have reported fatality rates of ≤60-90% (1, 2, (5) (6) (7) (8) . The conventional approach to treat this condition suggests that surgery should be performed when the patients have recovered from the SAH or when their Hunt and Hess grade has reduced to level ≤III, since early surgery following SAH is considered to present a high risk, as is associated with brain swelling, bleeding and unstable vital signs (4) . However, recent studies have observed that early rebleeding occurs mostly within 24 h of SAH, particularly in the first 6-12 h, when the risk of ultra-early rebleeding is highest (9) (10) (11) (12) . Intracerebral hematoma, rebleeding and severe cerebral vasospasm may lead to serious neurologic deficit in the early time subsequent to SAH (8, 9) . Therefore, the optimal time to operate and the strategy to select for poor-grade aneurysms remain controversial (9, 11) . The aim of the present study is to review the surgical management of poor-grade aneurysms by ultra-early microsurgery, and to investigate the prognosis of this strategy.
hernia, the clinical features of which included sudden fall into a coma, acute vomiting and coma following headache for 1 h-3 days with Glasgow Coma Scale of 3-9. All surviving patients were followed-up for 6-36 months.
Radiological features. All 18 patients underwent head computed tomography (CT; Lightspeed VCT; GE Healthcare Bio-Sciences, Pittsburgh, PA, USA) and CT angiography (CTA; Lightspeed VCT; GE Healthcare Bio-Sciences) prior to surgery. Bleeding was distributed in the anterior cerebral artery in 2 cases, in the middle cerebral artery in 6 cases, in the anterior communicating artery in 7 cases and in the posterior circulation in 3 cases. The location and diameter of the aneurysm, and the volume of intracerebral hematoma are presented in Table II .
Procedure prior to surgery. In the emergency room, all patients received trachea intubation to preserve normal oxygen concentration, and ventilation to assist breathing. Intravenous access was established for all patients to ensure sufficient blood supply, while central venous catheter insertions were established in certain shocked patients. After the vital signs were stable, patients received radiographic examinations, including head CT and CTA. Prior to operation, all patients received hemostatic and anti-vasospasm agents such as a nimodipine injection (Bayer AG, Leverkusen, Germany). All patients with cerebral hernia or posttraumatic acute diffuse brain swelling also received 125 ml 20% mannitol (CR Double-Crane Pharmaceutical Co., Ltd., Beijing, China) via bolus intravenous injection to reduce intracranial pressure (ICP). The duration and frequency of the drugs were adjusted according to the seriousness of the disease.
Surgical procedure. In the operation room, all patients received urgent trachea intubation and general anesthesia. A total of 15 patients underwent microsurgery within 24 h of SAH, and 3 patients underwent emergency microsurgery 24 h later, since these patients were hospitalized 24 h after SAH. In total, 13 patients were operated by standard large trauma craniotomy with transsylvian fissure approach, while 2 patients with anterior cerebral artery and anterior interhemispheric hematoma were subjected to interhemispheric approach, and 3 patients with posterior circulation aneurysm were operated by posterior fossa craniotomy. A total of 7 patients received lateral ventricular drainage for 1 week. All 18 patients adopted bone flap decompression to reduce ICP and risk of cerebral infarction following surgery.
Post-surgical procedure. All patients received nimodipine following surgery to reduce cerebral vasospasm and improve blood circulation in the brain. Lumbar puncture was used to release hemorrhagic cerebrospinal fluid (CSF) as early as possible in patients who had not received post-surgery lateral ventricular drainage. All patients in coma were subjected to tracheotomy. Hyperbaric oxygenation and acupuncture were also used in certain patients as a later treatment if their clinical signs were stable. Hydrocephalus cases underwent ventriculoperitoneal shunting.
Statistical analysis and outcome assessment. Data analysis was performed using SPSS version 14.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference. Continuous variables were expressed as range and mean ± standard deviation. Independent samples tests were used for continuous variables. For categorical variables, χ 2 test, rank-sum test or Fisher's exact test were used. The surgical curative effects were evaluated post-surgery based on the Glasgow Outcome Scale (GOS) (14) : Favorable (grade 4-5), dissatisfied (grade 2-3) and deceased (grade 1). All patients were followed-up for 6-36 months.
The present study was approved by the Ethics Committee of Anhui Medical University (Wuxi, China), and signed informed consent was obtained from all patients.
Results
Clinical outcome. Follow-up CTA or angiography reexamination demonstrated that all aneurysms were completely occluded and none relapsed. All 18 patients received GOS assessment by follow-up for 6-36 months post-surgery. Of these, 4 (22.2%) cases presented favorable outcomes, 10 (55.5%) cases presented dissatisfied outcomes (including 4 cases who were severely disabled and 6 cases who were in a vegetative state), and 4 (22.2%) cases succumbed to the disease. Representative cases appear in Fig. 1 . CT imaging prior to surgery demonstrated extensive SAH, particularly in the basal cistern. In addition, intracerebral hematoma was observed in the right temporal frontal lobes (Fig. 1A) . Following surgery, the aneurysm was occluded and the hematoma was sufficiently removed (Fig. 1B) . The right posterior communicating aneurysms are indicated by a red arrow in Fig. 1C . The immediate post-surgery CTA demonstrated perfect occlusion of the aneurysm (Fig. 1D) . The follow-up CTA at 6 months post-surgery revealed no obvious intracranial vascular stenosis and good vascular morphology (Fig. 1E) .
Operation schedule. Patients who underwent surgery within 24 h of SAH (of 15 cases, 7 cases were operated within 6 h of SAH, while 8 cases were operated within 6-24 h) exhibited more favorable outcomes (favorable outcomes were observed in 4 patients), compared with 3 cases who were subjected to surgery after 24 h of SAH (of which, 2 patients were in vegetative state and 1 was deceased).
Vasospasm and cerebral infarction. Local vasospasm was identified by CTA and transcranial Doppler sonography (Pro Focus 2202; BK Medical, Herlev, Denmark) in 5 (27.8%) of 18 patients. These 5 patients received decompressive craniectomy, lumbar puncture and nimodipine therapy without technical complications. However, all of them had poor prognosis, including 3 patients who were dissatisfied (GOS grade 3) and 2 patients who succumbed to disease. Cerebral infarction in different parts of the brain was detected in 7 patients, including 4 cases with cerebral infarction in the basal ganglia region and 3 cases in the brain parenchyma.
Hunt and Hess grade and outcome. In the present study, 4 patients had favorable prognosis among the 12 cases whose Hunt and Hess grade was IV, while 6 patients whose Hunt and Hess grade was V had poor prognoses.
Individual factors and outcome. The prognosis factors of poor-grade aneurysm combined with intracerebral hematoma were the diameter of the aneurysm, volume of the hematoma and cerebral hernia and absence of operation. The association between these factors is indicated in Table III . The present study demonstrated that all patients with an aneurysm diameter >10 mm, intracerebral hematoma volume >50 ml and presence of cerebral hernia prior to operation had bad prognosis.
Extraventricular drainage and outcome. In the present study, 7 patients underwent extraventricular drainage following operation. Of them, 4 had favorable outcomes, whereas the others had bad prognoses. In addition, the 11 cases who did not accept extraventricular drainage following operation had unfavorable outcomes (P=0.034 vs. extraventricular drainage group; Table IV) .
Discussion
Conventionally, conservative treatment has been initially employed for poor-grade aneurysms, followed by operation when patients recovered or their Hunt and Hess grade reduced to level ≤III (4). However, the majority of patients would succumb to rebleeding and cerebral vasospasm prior to surgery (1) (2) (3) . Recent studies have suggested that ultra-early microsurgery within 24 h of SAH may improve the prognosis of patients with poor-grade aneurysm, since it may prevent rebleeding and may delay the release of toxic substances during cerebral vasospasm, thus reducing damage to the brain (15) (16) (17) (18) . It was previously considered that early surgery or delayed surgery was meaningless to improve the prognosis of patients with poor-grade aneurysm following SAH (4). To date, the selection of treatment time in patients with Hunt and Hess grades IV and V remains controversial (19, 20) . Certain authors disagree with the use of ultra-early surgery due to the following reasons: i) Difficulty of ultra-early diagnosis; ii) the bleeding of the ruptured aneurysm may be not stopped, as time is limited; iii) the aneurysm may rupture easily during the operation; iv) temporary occlusion of the parent artery during microsurgery may lead to cerebral infarction; and iv) surgery on the exposed aneurysm and parent artery is difficult and has a high risk associated (4) . By contrast, other authors agree with the use of ultra-early surgery, due to the following benefits: i) Ultra-early surgery may reduce the risk of rebleeding and the occurrence of cerebral vasospasm; ii) ultra-early surgery may clip the aneurysm and also remove the intracerebral hematoma, which may lead to injury of the brain tissue; and iii) ultra-early decompressive craniectomy may improve cerebral hernia by decreasing ICP (9,15,16,18 ). In the present study, 15 of 18 cases who underwent ultra-early surgery had Table IV . Extraventricular drainage and outcome of patients with poor-grade aneurysm. 
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favorable outcomes, while 3 cases who underwent surgery after 24 h of SAH had poor prognosis. Therefore, ultra-early microsurgery may improve the prognosis of patients with poor-grade aneurysm and intracerebral hematoma. The management of patients with poor-grade aneurysm combined with intracerebral hematoma remains controversial (21-23), due to the cerebral vasospasm and intracerebral hematoma space-occupying effect as a consequence of elevated ICP (21) (22) (23) . Therefore, it is difficult to solve the problem by simple microsurgical clipping and endovascular coiling. Certain authors prefer to use endovascular coiling, since it is considered to present several advantages, including less trauma and shorter preoperative preparation or operative time when compared to general surgery (17) . However, this procedure is generally ineffective or even aggravating for removing the intracranial hematoma and resolving the vasospasm (24, 25) . Prat and Galeano (26) reported 12 cases of mild cerebral artery aneurysm with intracerebral hematoma who demonstrated good outcomes following early surgery. Sasaki et al (27) also observed that early surgery clipped the aneurysm and removed the subarachnoid hematocele and intracerebral hematoma. In addition, for the 26 patients who accepted conservative treatment, 20 succumbed to disease and 6 suffered severe disabilities (28) . These findings were significant (P<0.01), compared with the ultra-early surgery group (28) . Whether poor-grade aneurysms combined with intracerebral hematoma are more suitable for ultra-early surgery remains to be determined. Ultra-early surgery may achieve four major goals: i) To remove the hematoma, thus relieving the space-occupying effect and reducing the secondary injury of perihematomal tissues; ii) intraoperative continuous irrigation of papaverine or nimodipine may relieve cerebral vasospasm; iii) decompressive craniectomy may reduce the ICP and release more space to aid patients during the period of edema; and iv) it may reduce the risks of delayed cerebral vasospasm (15) (16) (17) . In the present study, of the 18 patients that accepted early surgical treatment, 4 (22.2%) cases had favorable outcomes, 11 (61.1%) cases had dissatisfied outcomes, and 3 (16.7%) cases were deceased during a follow-up of 1-2 years.
In total, 13 patients were operated by standard large trauma craniotomy transsylvian fissure approach, 2 patients with anterior cerebral artery were operated with interhemispheric approach and 3 patients with posterior circulation aneurysms were operated with posterior fossa craniotomy in the present study. During surgery, it is important to fully remove the sphenoid ridge upon removing the bone flap to facilitate the vision of the operation (26) . It is possible to identify the majority of aneurysms from the sylvian fissure, while a small number of anterior communicating artery aneurysms or distal anterior cerebral artery aneurysms may be identified from longitudinal observation (26) . The major difficulties of poor-grade aneurysm combined with intracerebral hematoma are acute diffuse brain swelling, high ICP, intraoperative rupture of the aneurysm and hematoma surrounding the blood vessels, which results in a complicated local anatomic structure (27) . Mannitol may be used as a dehydration therapy to partially remove the CSF and reduce the ICP, but the hematoma should not be completely removed prior to the occlusion of the aneurysm, since otherwise the aneurysm would easily rupture during the operation. Prior to clipping the aneurysm, the parent artery must be fully exposed to enable adaptation to the temporary arterial occlusion (23) . However, temporary arterial occlusion must last <15 min, since otherwise it may lead to ischemia and anoxia of the brain tissue. The hematoma should be extensively removed once the aneurysm is occluded (18) . Meanwhile, continuous irrigation of papaverine or nimodipine intraoperative aids to relieve the cerebral vasospasm (29) .
Extraventricular drainage has been widely used for treating poor-grade aneurysm, particularly when it is combined with ventricle hematocele or obstruction of the fourth ventricle (15) . Occasionally, patients who have received conservative treatments or delayed operation treatments may adopt extraventricular drainage at the earliest opportunity, in order to control acute ICP and improve the outcome (30) . In the present study, a high risk of rebleeding was observed when patients underwent extraventricular drainage prior to occlusion of the aneurysm. Of 7 patients with poor-grade aneurysms that received extraventricular drainage, 4 patients succumbed to rebleeding within 48 h. These findings are in agreement with those from previous studies on extraventricular drainage prior to operation (15, 16) . In the present study, the effect of extraventricular drainage following the occlusion of the aneurysm was evaluated. Of the 18 patients enrolled in the study, 7 underwent this treatment, and good recovery occurred in 4 (57.1%) patients, while severe disabilities occurred in 2 (28.6%) patients and vegetative state occurred in 1 (14.3%) patient. No rebleeding occurred subsequent to the procedure. The prognosis of patients treated with extraventricular drainage following the occlusion of the aneurysm was improved, compared with those who did not undergo this treatment (P<0.05).
The mortality and disability rates for patients with poor-grade aneurysms remain high, particularly for those that are accompanied by hematoma (18, 23, 26) . The diameter of the aneurysm, the volume of the hematoma and the presence of cerebral hernia or absence of previous operation are important prognosis factors for these patients (4). Early diagnosis, followed by ultra-early surgery or emergency surgery to clip the aneurysm and remove the intracerebral hematoma, contribute to a good prognosis. Furthermore, the outcome improves if surgery is combined with extraventricular drainage and decompressive craniectomy (4) .
Although the current study is not a randomized controlled trial, the present preliminary results suggest a favorable outcome for patients with poor-grade aneurysm subjected to ultra-early surgery following SAH, and constitute the basis for future studies. In conclusion, ultra-early surgery or emergency surgery may be beneficial for patients with severe SAH.
